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Abstract 
Geopolymer is a material that involves natural occurring silico-aluminates and is based on the chemistry of alkali-activated 
inorganic binders. In this works, geopolymer is produced from flyash as raw material and low concentration of KOH as alkali 
activator without sodium silicate. The highest concentration of 5.5 M KOH resulted in 3 hours setting time. The highest 
compressive strength obtained was 21.91 MPa at 4.5 M KOH  at curing temperature of 60 oC which reflects good mechanical 
property and can be developed for coatings. Subsequently, geopolymers synthesized were characterized for possible application 
as coating for urea. By determining the capability of transportation of urea through geopolymer film showed that the diffusion 
coefficient of 3.6E-08 m2/s was obtained and reach equilibrium after 20 days 
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1. Introduction 
 Geopolymerization is a geosynthesis method that involves natural occurring silico-aluminates and is based 
on the chemistry of alkali-activated inorganic binders [1,2]. Alkali activation of these source materials will result in 
three-dimensional alumina-silicate structure which exhibit better chemical and mechanical strength properties. The 
most proposed mechanism for geopolymerization includes the following four stages, (i) Dissolution of Si and Al 
from the solid aluminosilicate materials in the strongly alkaline aqueous solution (ii) Formation of Si and/or Si-Al 
oligomers in the aqueous phase (iii) Polycondensation of the oligomers to form a three-dimensional aluminosilicate 
framework (iv) Bonding of the solid particles into the geopolymeric framework and hardening of the whole system 
into a final solid polymeric structure [3]. 
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Previous works on geopolymer were mostly focussed on structural application such as the construction 
industry. Recently, geopolymer material has been studied as coating material for metal substrate as anti-corrosion 
coating material which required properties such as strength, setting time or solidifying time [4]. Geopolymer also 
shows excellent physico-chemical and mechanical properties including low density, micro porosity or nano porosity, 
negligible shrinkage, high strength, thermal stability, high surface hardness, fire and chemical resistance [5]. 
 Geopolymer is a potential material to be developed as urea coating material as it exhibit good mechanical 
property which is required to avoid coatings from been ruptured easily  during storage and handling. However, there 
is limited data research published regarding capability of urea to diffuse across geopolymer film. Due to this, the 
present work is to prove urea can diffuse through geopolymer film by determining the diffusion coefficient.  
2. Experiment 
2.1. Materials  
Files Class F fly ash from industrial waste was used as raw material. The chemical composition of raw materials 
was determine by using X-Ray Fluoresence (XRF) is shown in table 1. Laboratory grade potassium hydroxide 
(KOH) and distilled water was used to prepare alkaline solution. 
 
    Table 1. Chemical composition of fly ash 
 
Component Chemical Composition (wt%) 
SiO2 44.52 
Al2O3 22.48 
Fe2O3 11.58 
CaO 9.84 
MgO 3.92 
C 2.54 
K2O 1.73 
SO3 1.35 
Others 2.05 
 
Saturated urea solution was prepared in a beaker by dissolving commercial urea granules with distilled water 
until it reached saturated condition where the urea could not be dissolved anymore. Distilled water was used to 
avoid any impurities in the saturated urea solution. 
2.2. Methods 
All Mixing was done in an air conditioned room at approximately 250C. The mixing procedure started with 
mixing of KOH solution and fly ash for 5 min. Well-mixed geopolymer was used for the measurement of setting 
time using the Vicat apparatus according to ASTM C191. Geopolymer cubes were also prepared by casting the 
geopolymer mixes in the 50mm x 50mm x 50mm mould and vibrated for 5-10 minutes to reduce entrained air and 
cured at 60o C for 1 day for compressive strength. Summary of parameters studied is shown in Table 2. 
                                                           
 
TABLE 2. Summary of synthesis parameter 
 
 
Raw Material : fly ash 
Alkaline Solution KOH (1.5M, 2.5M, 3.5M, 4.5M, 5.5M) 
Si/Al molar ratio  3:1 
Curing time 1 day 
Curing temperature Room temperature (25 oC) and 60 oC 
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2.3. Porosity Test 
The porosity of geopolymer was determined based on Archimides principle and water acted as the immersion 
medium. The procedure was adopted as follows (i) Three cubes of 50cmx50cmx50cm size were prepared based on 
geopolymer synthesis in Table 2. The cubes were cured and dried at temperature of 60o C for 24 hours. The weight 
of geopolymer sample was recorded as weight of dried sample [Wd] ; (ii) the cubes were immersed completely in 
water at room temperature (25o C) for 48 hours ; (iii) the geopolymer samples were weight while suspended and 
completely submerged in water. The weight was recorded as [Wi]; (iv) the geopolymer sample was removed from 
water and visible water was clean using a damp cloth and was weigh [Ws], (v) the average porosity of the three 
cubes was determined by using equation [6] : 
 
 Porosity = [(Ws-Wd)/(Ws-Wi)] x 100                                    (1) 
 
Where, 
Ws = weight of geopolymer sample after immersion for  
         48  hours 
Wd = weight of geopolymer sample after oven curing and 
         drying at 60o C for 24 hours 
Wi = weight of geopolymer sample suspended in water 
 
2.4. Preparation of Geopolymer Film 
About 300 g of total composition of raw material and activator were used to prepare the geopolymer film. The 
geopolymer paste produced was poured onto own design mould that can control the film thickness. The thickness of 
geopolymer films were measured using a micrometer. After that, geopolymers film was cured at 60oC for 24 hours. 
 
2.5. Urea Diffusion Study 
The permeability cell includes two cell connected was employed for urea diffusion study as shown in figure 1. 
The geopolymer film with 1.5mm thickness was clamped between the cell and spacer was put in between to avoid 
the film form broken due to pressure exerted while tightening the screw. Based on the design, one part of the cell 
was filled with saturated urea solution. The height level of the solution for both cells was maintained at the same 
level. 3 ml of the sample from the side filled with water was taken after a set of interval time using digital pipette 
and were replaced back with distilled water.  
 
 
 
 
 
 
 
 
 
 
Fig.1. Geopolymer film and diffusion cell 
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The diffusion of urea was assumed to be according with Fickian law and the equation used is follow [7] : 
= psA
                                                         (2) 
  
Where, 
Ps     = diffusion coefficient (m2/s) 
Dm(t)/dt = concentration of urea that diffuse into distilled water 
V       = volume of solution in one side cell (m3) 
T       = time 
Csat  = saturated urea concentration 
A      = effective area of permeation (m2) 
L      = thickness of film (m) 
 
2.6. Characterisation 
Analyis on geopolymer morphology was done using Field Emission Scanning Electron Microscopy (FESEM), 
Model Veiss SUPRA. 
 
3. Results and Discussion 
3.1 Effect of KOH concentration on setting time 
Based on Figure 2 the setting time decreased as the KOH concentration of  alkali activator increased. It has been 
reported that increasing amount of alkali increased dissolution of Si content [9]. Setting time is the time required by 
the fresh paste for hardening, which reflected the water content in the mixture. The shortest time recorded was 3 
hours by using 5.5 M KOH as activator. Setting time is one of the properties that can be used in the prediction of the 
adhesion strength of the material in coating application. Faster setting time is expected to develop good adhesion 
between surface and coating material. However, too fast of setting time would result in bad coating quality during 
the process of coating material with surface. It is been reported setting time of less than 6 hours is acceptable for 
good bonding to the surface for coating material [10].  
 
 
Fig. 2. Setting time of geopolymer with various KOH Concentration 
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3.2 Effect of KOH concentration on compressive strength 
Figure 3 shows that increased of KOH concentration produced higher compressive strength. High KOH 
concentration used would lead to increase the dissolution rate of Si and Al content in raw material. The higest 
compressive strength obtained was 21.91 MPa at 4.5 M and curing temperature at 60 oC which is good mechanical 
property for the storage purpose and to avoid the coating material from been easily ruptured [11].  
 
Fig. 3. Compressive strength of geopolymer with various KOH Concentration 
3.3 Effect of KOH concentration on Porosity Test 
Based on Figure 4, the increased of KOH concentration resulted in decreased of geopolymer film porosity.  
 
 
Fig. 4. Porosity of geopolymer with various KOH concentration 
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KOH concentration shows the possibility of adjusting the porosity which would be advantage for coating 
application such as urea coating. Porosity is essential for urea coating as it can limit the release of urea to the plants. 
More higher porosity produce faster diffusion process and will increase the diffusion coefficient of geopolymer film. 
In this study, especially for urea coating application, the lower diffusion coefficient was obtained which is expected 
to prolong the release time of coated urea (slow release). 
 
3.4 Characterization 
The geopolymer samples were analysed using FESEM. Figure 5 shows that the microstructure is dense which 
results in compact structure thus leading to high compressive strength. 
 
 
 Fig. 5. FESEM result of fly ash based geopolymer with (a) 1.5  and (b) 3.5 KOH concentration 
 
The starting materials for the geopolymeric synthesis were K2O:Al2O3 in distilled water, which followed curing 
condition for generating the Al2O3-2SiO2-K2O geopolymer. In Figure 5(a), geopolymer with lowest concentration of 
1.5 M KOH as alkali activator is not enough to react with fly ash for dissolution process. By increasing KOH 
concentration, unreacted raw material decrease (Figure 5.b). KOH concentration effect to form denser material 
which lead to the higher compressive strength and the lower porosity. 
 
3.4 Diffusion study of geopolymer film for urea coating 
The mechanism of urea release from coated granules includes (i) water penetrates to the coating layer and (ii) the 
urea dissolve and diffuse through the coating [12]. Therefore, the other property which must have for urea coating is 
capability of urea to diffuse across geopolymer coating. Porosity result can be relate to urea diffusion process.  
The geopolymer film acted as a barrier for mass transfer of urea to the surrounding, which is in this case to the 
distilled water part as associated to the second stage of mechanism of nutrients release. Due to the concentration 
gradient and the increasing of driving force results in diffusion process to be happened. The high diffusion process 
also depend on porosity of geopolymer film. High porosity lead to high diffusion coefficient. From this preleminary 
study as shown in figure 6, the diffusion coefficient  of geopolymer film is 3.6E-08 m2/s. 
Figure 7 shows the diffusion rate of urea through 24 days. The driving force of urea diffusion caused by the 
gradient concentration between the two cells . Diffusion of urea increases until 12 day and maintain with slower 
increasing until 20 days. This is caused by differences in the concentration of urea in two cell has decreased. After 
20 days, equilibrium was achieved, which means the concentration of urea solution in two cell were already balance. 
This result can be applied to develop geopolymer as urea coating material for controlled release application. 
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         Fig. 6. Release rate of urea diffusion 
 
 
 
 
Fig.7. Release rate of urea diffusion by day 
 
  
4. CONCLUSION 
The highest concentration 5.5 M KOH resulted in 3 hours of setting time. Setting time is one of the properties 
that can be used in the prediction of the adhesion strength of the material in coating application. Faster setting time 
is expected to develop good adhesion between surface and coating material. However, too fast of setting time would 
result in bad coating quality during the process of coating material with surface.  The highest compressive strength 
obtained was 21.91 MPa by 4.5 M KOH of curing temperature at 60 oC which is good mechanical property to avoid 
the coating material from been easily been ruptured. For this case, the compressive strength of KOH as alkali 
without sodium silicate reliable to sustain good adhesion strength and has good mechanical property. Geopolymer 
film can obtained the diffusion coefficient  of 3.6E-08 m2/s. For  urea coated application, that value is comparable to 
the other urea coated material. With that value of diffusion coefficient, urea can release after 20 days and promising 
for controlled release urea coating application. 
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